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Simulation of Balls’ Motion and their Kinetic
Energy in a Tumbling Ball Mill
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Abstract The balls’ motion in a tumbling ball mill was analyzed two dimensionally by a DEM using a Kelvin model
composed of a nonlinear-spring and a nonlinear-dashpot. The coefficient of viscosity in the model was determined
from the data of imperfect restitution between a ball and a mill shell. The dynamic motion of individual balls was sim-
ulated on the basis of the nonlinear perfect elasticity, nonliear viscosity and Newton's law of motion. The trajectories
and dynamic motion of balls during mill rotation calculated were faily consistent with the actual motion of balls in a
mill. The model simulation proposed in this study could be a clue to the three dimensional solution of the actual motion
of balls in a tumbling ball mill. The balls’ motion and their kinetic energy were significantly influenced by the mill

speed and ball charge fraction.
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Fig. 1. Schematic diagram of actual mill and two dimensional
mill with media balls.
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Fig. 2. Kelvin model composed of Hookean spring and Newtoni-
an dashpot to explain viscoelastic collision medel.
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Fig. 3. Viscoelastic forced acted on normal direction and fric-
tional force acted on tangential direction to contact surface.
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Fig. 4. Flow chart of model simulation used for computing the
ball motion during tumbling ball milling.
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Table 1. Data used in model simulation and experimental work.

* Mill diameter(stainless steel), 2R{d) 150mm

* Ball diameter(steel), 2R(d) 25mn

* Ball charge fraction, ] 0.2, 04, 06

% Actual rotational speed, N 72~ 144rpm

* Critical speed, N. 120rpm

- Density of ball, ¢ 7870kg/m?

» Dynamic friction coefficient, u 0.42

* Young’s modulus, Y 21.5x 10"Pa

- Poissin’s ratio, v 0.30

« Coefficient of viscosity, Cr/ A4"? | 300000kg/ m'"%s~"

* : Operational condition
« : Physical and mechanical properties of balls and mill
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(a) J=0.2

(b) J=0.4

Fig. 7. Balls' trajectories simulated during milling for a constant mill speed at N/N.=1.0.

(a)]=0.2
Fig. 8. Photographs showing actual motion of balls during milling for a constant mill speed at N/N.=1.0.
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Fig. 9. Distribution of normal impact velocity of a ball for differ-
ent ball charge fractions at N/N.=1.0.
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